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Abstract. We present the result of multi-wavelength observations of the microquasar GRS 1915+105 in a plateau state with 
a luminosity of ~ 7.5 x 10^^ ergs"' (-40% Lndd), conducted simultaneously with the INTEGRAL and RXTE satellites, the 
ESO**/NTT, the Ryle Telescope, the NRAO*** VLA and VLBA, in 2003 April 2-3. For the first time were observed con- 
currently in GRS 1915+105 all of the following properties: a strong steady optically thick radio emission corresponding to a 
powerful compact jet resolved with the VLBA, bright near-IR emission, a strong QPO at 2.5 Hz in the X-rays and a power law 
dominated spectrum without any cutoff in the 3-400 keV range. 
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I. Introduction 

Microquasars are galactic X-ray binari es exhibiting rela- 
tivistic jets ( iMirabel & Rodrfgue j Il999l). The microquasar 
GRS 1915+105 has been extensively observed since this source 
' is known to be e xtremely variable at all wavelengths (see 
I iFuchs et a l. ' '2003! for a review). It hosts the most massive 
know n ste llar mass black h ole of our Galaxy with M - 14 + 
4Mo Jck^ineret dIboOlah . It was the first galactic source to 
show superluminal ejections jMirabel & R odriguez** 19941) in 
the radio domain, which has enabled to give an upper limit of 

I I . 2+0.8 kpc to the distance of the source Jpender et al. 1999). 
In addition to these arcsecond scale ejections, GRS 1915+105 
sometimes produces a compact jet which has been resolved 
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at milli-arcsecond scales in radio jPhawan et al] >2000^■ corre- 
sponding to a length of a few tens of AU. The presence of such 
a compact and quasi-steady radio jet is now commonly inferred 
in the low/hard X-ray state of several microquasars but it is 
rarely resolved (see Fender.2003i and references therein). 

We present here the first multi-wavelength campaign on 
GRS 1915+105 involving the recently launched INTErnational 
Gamma-Ray Astrophysics Laboratory (INTEGRAL, 3keV- 
lOMeV). This campaign was conducted by the MINE' 
(Multi-/l INTEGRAL NEtwork) international collaboration 
aimed at performing multi-wavelength observations of galactic 
X-ray binaries simultaneously with the INTEGRAL satellite. 
In Sect. 2 we present an overview of our campaign, our results 
are shown in Sect. 3 and discussed in Sect. 4. 



2. Overview of the multi-wavelength campaign 

We conducted a multi-wavelength observation campaign of 
GRS 1915+105 in March- April 2003. In this letter we focus 
only on April 2-3, when we obtained data covering the widest 
range of frequencies, with the largest number of involved in- 
struments observing simultaneously with INTEGRAL (Fig.0. 



See http://elbereth.obspm.fr/~fuchs/mine.htiiill 
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These observations are ToO (Targets of Opportunity) triggered 
by the MINE collaboration under the INTEGRAL Guaranteed 
Time Programme (PI Mirabel) and related programmes on the 
other instruments^. The detailed analysis of the whole cam- 
paign, i.e. March 24-25, April 2-3 and April 17-18 2003 
(Fig. 2} including further instruments, will be presented in 
forthcoming papers. We thus present here an overview of 
the results of a (nearly) simultaneous campaign involving 
the Very Large Array (VLA), the Very Long Baseline Array 
(VLBA) and the Ryle Telescope (RT) in radio, the ESQ New 
Technology Telescope (NTT) in IR, the Rossi X-ray Timing 
Explorer (RXTE) and INTEGRAL in X and y-rays. 



2.2. RXTE 

The RXTE observations were reduced following the stan- 
dard procedure for bri ght sources^ usin g the lheasoft pack- 
age v5.2. See e.g. lRodriguez et alJ 1 2003h . for the details of the 
Proportional Counter Array (PC A, 2-60 keV) and High Energy 
X-ray Timing Experiment (HEXTE, 20-200 keV) data reduc- 
tion followed for the spectral extraction and analysis (note that 
we only extracted spectra from the proportional counter unit 
and 2 for the PCA). We also extracted light curves with ~4ms 
resolution from the PCA (see Fig.^, and produced power spec- 
tra with powspec 1 .0. 



2.1. INTEGRAL 

The data from t he Integral Soft Ga mma Ray Imager (ISGRI, 
15 keV-1 MeV, iLebrun et al.l l2003l) . were reduced with the 
Off- line Scientific Analysis software (OSA) v2.0 following 
iGold wurm et al. (2003). The total elapsed time resulted in 
~101ks divided in 46 independent science windows (sew). 
For each of them we produced images in 2 energy bands, 20- 
40keV and 40-80 keV, where GRS 19I5-HI05 was clearly de- 
tected and from which we could obtain its position and flux. 
The spectral extraction was performed independently for ev- 
ery sew in 128 channels linearly rebined in the 20-1000 keV 
range. Given the low level of variability (less than 20%, see 
Fig.Q, the resultant spectra were combined with mathpha, and 
fitted between 20 and 400 keV with xspec vl 1.2 (also used for 
the SPI and RXTE spectral fits). Note that we also produced 
spectra with the officially available 13-1000 keV matrix. The 
results show no significant differences when fitting the spectra 
in flie 20-400 keV range. 

For the Spectrometer o n board Integral (SPI, 20keV- 
8 MeV. Ivedrenne et alJl2003ii) . after correction of the misalign- 
ment, we extracted simultaneously the spectra of 6 sources seen 
by ISGRI in the 20-40 keV band. We extracted the spectra 
of both the sources and background with the standard spiros 
programme jSkinner & Connell l2003h. using the latest derived 
response matrix ('Stur ner et^ll l2003^. The observation being 
made in dithering mode, we were able to resolve the back- 
ground in each energy bin and each detector independently. 

Using OSA v 2.0, JEM-X (Join t-European Monitor for 
X-rays, 3-35 keV, 'Lund et alJ Eool spectra were extracted 
dWestergaard et al...2003) for the 42 sew where the source was 
within 5°of the pointing direction and then combined for a to- 
tal exposure of ~88ks. The latest responses were used but the 
effective area corrected by a factor of 2 for the known losses 
due to dead anodes and the exclusion of the outermost areas of 
the detector. 



2.3. Infrared 

The near infrared observations were performed with the 3.58 m 
ESO/NTT through a ToO programme (PI Chaty) dedicated to 
observations of high energy transient sources. The telescope 
was equipped with the IR spectrograph and imaging camera 
SOFT We took images in the broad band filters J (1.247 + 
0.290 yum), H (1.653 + 0.297 yum) and K, (2.162 + 0.275 /im) 
with a 4.9'x4.9' field of view (0.292"/pixel). Nine images of 
60 s integration time were acquired in each filter and co-added. 
We also observed in the TiTs-band with high temporal resolution 
(see Fig. [0, taking 450 exposures of 2 s each, by averaging 
9x2 s frames, and randomly offsetting in distance and direc- 
tion between each frame, during nearly 2.3 hours. The images 
were reduced using the iraf suite. Each image was corrected by 
a normalized dome-flat field, and sky-subtracted by a sky im- 
age (median filter combination of 9 consecutive images). The 
data were then analysed using apphot. Absolute photometry 
was per formed using 2 stan dard stars: HST P499-E and HST 
S808-C jPersson et alJl998l) . The conditions were photometric 
for most of the observations, the seeing being typically 0.8". 

2.4. Radio 

We observed the source during two hours on April 2, 2003 
with the VLBA at 2.0 and 3.6 cm (ToO programme, PI Ribo). 
The obse rving strategy was the same as the one described in 
iDhawan et all (12000). A detailed analysis of all the VLBA data 
acquired during this campaign will be presented in lRibo et alJ 
(2003). The simultaneous radio light curve obtained with the 
VLA at 3.6 cm (8.4 GHz) during the first hour of the VLBA ob- 
servations reveals a nearly constant flux density of 160+1 mJy 
(Icr error, see Fig. 0, providing good confidence in the ob- 
tained VLBA images. 

The Ryle Telescope observations at 15 GHz are part of a 
continuing monitoring program (see Poolev & Fender 1997jfor 
more details). The data are shown in Figs. with 5 min 

averaging; the typical uncertainty is 2 mJy + 3% in flux scaling. 



^ Except for the RXTE observations which are part of a larger 
simultaneous INTEGRAL/RXTE campaign on GRS 1915+105 (Pis 
Hannikainen, Rodriguez), for which the RXTE planning team kindly 
agreed to schedule an observation during the INTEGRAL ToO pre- 
sented here. 



3. Results 

Figure |2] shows the general radio and X-ray behaviour of 
GRS 1915+105 during our observing campaign. Despite X- 
ray and giant radio flaring episodes that occurred in March- 
April 2003, our multi- wave length observations took place dur- 



Y. Fuchs et al.: Simultaneous multi-wavelength observations of GRS 1915+105 



^ 160 r 
150 h 
■"f' 1 40 h 
"° 130 h 
= 120 h 



GRS 1915+105: April 2-3, 2003 

^ VLA 8.4 GHz I 




elescope ID ( 



6.0 ~ 
5.5 r 
5.0 r 
4.5 r 
4.0 r 

3.5 ^ 

60 h 



..-./NTT 
.? 1 6 (irr 




RXTE/PCA 
2-60 keV 



" 8.G 
- 7.B - 



ISGRI 20-40 keV 
ISGRI 40-80 keV 



52731.0 52731.2 52731.4 52731.6 52731.1 
Time (MJD) 



52732.0 52732.2 52732.4 



Fig. 1. Light curves of the muhi-wavelength observations on 
April 2-3, 2003 involving INTEGRAL/ISGRI & SPI (not plot- 
ted), RXTE/PCA & HEXTE (not plotted), ESO/NTT, RT, VLA 
and VLBA (total flux densities spanning the observing time). 

GRS 1915+105: March 12 - April 25 2003 
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Fig. 2. Radio and X-ray flux monitoring of GRS 1915 + 105 
in March-April 2003. Radio: VLA at 8.4 & 22 GHz, RT at 
15 GHz. X-ray: quick-look results provided by the ASM/RXTE 
team. The dashed lines indicate the dates of our INTEGRAL 
and simultaneous multi-wavelength observations. 

ing quasi-quiet periods, with a slowly decaying ASM flux 
~ 50cts/s and an unusually high radio level (>100mJy). 

The accumulated spectra obtained with INTEGRAL 
(ISGRI and SPI) and with RXTE (PCA and HEXTE) on April 
2-3 are shown in Fig.|3 The ISGRI and SPI spectra are well 
jointly fitted in the 20-400 keV range by a power law with 
a photon index of F = 3.16 ± 0.04 which is flatter than the 
F = 3.58 ± 0.02 index of the HEXTE spectrum in the 20- 
200 keV range. This difference may be due to either instrument, 
since the background noise of HEXTE is uncertain when point- 
ing in the galactic plane, and the calibration (e.g. background 
correction) of ISGRI and SPI are still in progress. Moreover, 



r RXTE/PCA 



INTEGRAL / ISGRI 




channel energy (keV) 

Fig. 3. X-ray and y-ray spectra of GRS 1915+105 measured 
with RXTE (PCA and HEXTE) and INTEGRAL (JEM-X, 
ISGRI and SPI) on April 2, 2003. Diff^erent sensitivities of the 
instruments lead to different levels of the spectra when plotted 
in count rates (which enables a better display). The structures 
at £'>50keV in the SPI spectrum are instrumental background 
lines not adequately corrected. Continuous lines are the best fits 
with the models described in the text, showing consistent pho- 
ton indexes among the different instruments. The PCA power 
density spectrum (inset) shows a clear QPO at 2.5 Hz. 
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Fig. 4. VLBA images at 2.0 & 3.6 cm on April 2, 2003 show- 
ing the compact jet. Total integrated flux densities are 123 & 
116mJy, respectively, in agreement with a slightly inverted 
spectrum. The convolving beams are 1.4 & 2.8 mas, respec- 
tively. 1 mas corresponds to 12 AU at 12kpc distance. The rms 
noise in both maps is 0.15 mJy beam"'. 



the HEXTE spectrum is built only on ~6ks of observation 
whereas the INTEGRAL spectra are averaged over 101 ks. 

The PCA + HEXTE spectrum (3-200 keV, cf Fig.|3li was 
fitted by the sum of a multicolor blackbody model (diskbb), 
a power law and an iron line at ~6keV assuming a interstel- 
lar absorption with A^h = 5 x 10^^ cm"^. The fitted power 
law, with F = 2.94 + 0.01, accounts for 77% of the total un- 
absorbed 3-20 keV flux, and is flatter than at higher energies 
where the soft component has no longer influence. The result- 
ing inner disk temperature is very high (kT > 3 keV) as al- 
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Fig. 5. Spectral energy distribution of GRS 1915+105 on 
April 2. The near-IR flux d ensities were dereddened with 
Ai/= 19.5 and using eq. 1 of'C ardelli et"al] lll989[) . The dot- 
dashed line illustrates the optically thick synchrotron emission 
from the jet as a power law with oc v The dashed line 
illustrates a power law with a photon index r=3. Error bars not 
shown are smaller than the symbol size. 



ready noticed bv lMuno et all ill 99911200 iT) who obtained simi- 
lar results while fitting the plateau state of GRS 1915+105 (cf 
discussion), which may indicate either that the diskbb model 
is not valid here, or that other en iission processes, suc h as 
Comptonization in thermal plasma t' Zdziarski et aljEoOlh . are 
responsible for the low energy X-ray component. An analy- 
sis of the averaged spectrum obtained with JEM-X gives spec- 
tral fits (4-30 keV) consistent with the PCA. The estimated 
luminosity is ~ 7.5 x 10""^ ergs"' corresponding to ~4Q% of 
the Eddington luminosity for a 14Mo black hole. As shown in 
Fig.|3j a very clear Quasi-Periodic Oscillation (QPO) at 2.5 Hz 
with a 14% rms level was observed in the RXTE/PCA signal. 

The VLBA high resolution images (Fig.|3} show the pres- 
ence of a compact radio jet with a ~7-14mas length (85- 
17 AU at 12kpc ) . This jet is very similar to the one observed 
bv bhawan eTall 1I2OOOI) and is responsible for the high radio 
levels measured with the RT and the VLA (Fig.|2j by its opti- 
cally thick synchrotron emission. 

The source w as fairly bright in near-IR (compare e.g. to 
IChatv et alJ 19961) with apparent magnitudes J - 17.19 + 0.06, 
H = 14.46 + 0.12 and K, = 12.95 + 0.14. This corresponds 
to an excess of 75% to 85% in the /Ts-band flux compared to 
the A"= 14.5-15ma g. of the K-M giant donor star of the X-ray 
binary jGreiner e?al. 2001 b). The spectral energy distribution 
of Fig.|5lis compatible with a strong contribution to the near- 
IR bands from the synchrotron emission of the jet extending 
from the radio up to the near-IR. However, the J, H, and Kf^ 
dereddened flux densities are not compatible with such a single 
power law emission, since a significant change in the slope ap- 
pears at the //-band by dereddening with a visible absorption 
Av = 19.5 dChapuis & Corbelll2003l) . We point out here that 
while the value of the v isible absorption is still a matter in the 
debate (see e.g. iFuchs et al. 2003 and Chat y et al. 1996), this 
H band excess might be due to the sum of the different com- 
ponents adding to the jet emission in the near-IR, such as the 
donor-star, the external part of the accretion disc or a free-free 
emission. 

The detailed light curves of our observations (Fig.[0 show 
nearly quiet flux densities when compared to flares or oscilla- 



tions, with variations <20% at all wavelengths. The most in- 
teresting phenomenon is a moderate -25% decrease (from 4.9 
to 3.6 mJy) in the flux density lasting 20min which pre- 
cedes by 31 min a -20% decrease in the RT signal (from 145 
to 1 18 mJy) lasting 48 min. This may be due to instabilities in 
the jet inducing an immediate synchrotron response in the IR 
and the delay being due to the time for the material along the 
Jet to become optically thin to the radio emission ( Mirabel et alJ 
Il998ll . 

4. Discussion 

Bright radio emission {Fy> lOOmJy at 15 GHz) accompanied 
by steady X-ray emission (ASM -50 cts/s) similar to what hap- 
pened around April 2, 2003 were observed on several past oc - 
casions in GRS 1915+105 (see e.g. Fig. 1 o fMuno et alfcOOll) 



This state is known a s the plateau state jpender et al 



Il999t 



iKIein-Wolt et alJ2002l and references therein) but is also called 
the radi o lou d low/hard X-ra y state tMuno et al..200L^ and type 
II state (iTrudolvubov 2 0Ql|)" It also cor responds to the xi and 
X3 X-ray classes of Bell oni et al.l (|2000') who used PCA color- 
color diagram, and indeed our April 2 observat ion appears as 
the Yj class when plotted in such a diagram. IPhawan et alJ 
12000) observed GRS 1915+105 with the VLBA during the 
1998 plateau state, and they found a compact radio jet very 
similar to the one shown in Fig.|3 

The strong QPO at 2.5 Hz observed on April 2 is consis- 
tent with the low/hard state of GRS 1915+105. The presence 
of the 0.5-10 Hz QPO see ms correlated to a hard tail in the en- 
ergy spectra of the source jMarkwardt et al.l 1999': M uno etall 
■1999.) . although the energy dependence of the Q PO arnplitud e 
might show a cut-off at high energy (Rodrigue z et alJl2002h . 
indicating that the QPO is probably not related to a global os- 
cillation of that hard component. 

The high energy emission of GRS 1915+105 on April 2 
is also consistent with the low/hard state of the source, with 
a power law dominated spectrum (77% at 3-20 keV), al- 
t hough always softer (r~3) tha n for the other BH binaries 
dMcClintock & Rem illard' '2003*). The INTEGRAL observa- 
tions show that this power law spectrum extends up to 400 keV 
without any cutoff during this plateau state, con sistent with the 
observations with OSSE jZdziarski et al .'2()()r). 

Here for the first time, we observed simultaneously all the 
properties of the plateau state of GRS 1915+105 that were pre- 
viously observed individually. We thus confirm the presence of 
a powerful compact radio jet, responsible for the strong steady 
radio emission and probably for a significant part of the bright 
near-IR emission, as well as a QPO (2.5 Hz) in the X-rays and 
a power law dominated X-ray spectrum with a r~3 photon 
index up to at least 400 keV. Detailed fits of the RXTE and 
INTEGRAL spectra of GRS 1915+105 in this plateau state, to 
determine for example whether this power law is due to an in- 
verse Compton scatte ring of soft disc photons on the base of the 
compact jet (see e.g. lFender e t al.' 1999: 'Ra u & Greine3l2003l) 
or not, will be studied in forthcoming papers. In our multi- 
wavelength March-April campaign, the source was observed 
essentially in the plateau state. In order to better understand 
the unusual behaviour of GRS 1915+105, we need to carry out 
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similar simultaneous broad-band campaigns during the other 
states, in particular during the sudden changes in the X-ray state 
that correspond to powerful relativistic ejection events. 

Detailed analysis and interpretation of all of our observa- 
tions and their scientific impUcations will be presented, sepa- 
rately, in future articles. 
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